ABSTRACT
transistors, fabricated with a radiation hardened 3-4 um process, were irradiated at various operating frequencies and biases. The n-channeL devices showed a larger rebound effect when alternately biased 'off' and 'on' during irradiation than for the cases of being biased either 'off' or 'on' during the irradiation. The p-channel devices showed a smaller threshold voltage shift when alternately biased 'off' and 'on' during irradiation compared to devices which were biased either 'off' or 'on' during the irradiation.
The contributions of trapped holes and interface states on the observed threshold voltage shifts were determined through subthreshold current measurements. This research showed the source of this alternating bias effect on the radiation response of MOS devices to be reduced hole trapping and increased interface state buildup in n-channel MOS devices. In p-channel devices, reduced hole trapping is the primary source of this effect.
INTRODUCTION
The amount of threshold voltage shift in MOS devices caused by ionizing radiation is strongly dependent on the bias voltage applied to the gate both during and after radiation. Most For the n-channel transistor, +10 voLts is applied to the gate in the 'on' condition and 0 voLts is applied in the 'off' condition. For the p-channel device, 0 volts is applied to the gate in the 'off' state and -10 volts is applied in the 'on' state.
During the irradiations of the first experiment, one pair of MOSFETs was biased 'on' and one pair was biased 'off' and five other pairs were alternately biased 'on' and 'off' at frequencies between 5 Hz and 10MHz.
After doses of 3x104, 1x105, 3x105, and 1X106 rad(Si) the I-V characteristics of the devices were measured. The measurements were made within 30 minutes of reaching the dose level and the parts were immediateLy returned to the bias fixture in the gamma cell until the 1 Mrad(Si) dose was accumulated. One group of parts was also placed under post irradiation continuous bias at 1000C.
In the second experiment, the limiting low frequency case was considered in which the bias on the devices was switched halfway through the irradiation. One pair of devices was biased 'off' during the first one half Mrad(Si) dose, characterized, and then biased 'on' untiL 1 Mrad(Si) was accumulated. total dose for n-channel and p-channel MOSFETs followed by 8.3 volt, 1000 C anneal. ionizing dose for n-channel MOSFETs followed by 1000C anneal for bias conditions given in When the bias is changed from 'off' to 'on' half way through the irradiation, the rate at which the interface states are generated greatly increases. The final interface state density of the three devices which were switched during the irradiation is greater than in the devices biased 'on' or 'off' during the entire irradiation. We can also note that the greatest annealing of the interface states occurs with no bias on the aevice during the annealing cycle.
The interface states in these results show annealing whereas the results shown previously in Figure 2 indicated an increase in the interface state density during the anneaL.
The devices in these two experiments were from different processing lots so that the interface state formationappears to be highly sensitive to the processing. 
